Purpose: To study the surgical outcomes of radical nephrectomy with thrombectomy and to determine prognostic factors for survival of Korean patients with renal cell carcinoma (RCC) and venous tumor thrombus. Materials and Methods: A total of 124 patients with RCC and venous tumor thrombus who underwent radical nephrectomy and thrombectomy were included in this retrospective study. Cancer-specific survival (CSS) and recurrence-free survival (RFS) rates were analyzed retrospectively according to various prognostic factors. Results: The median overall follow-up period for all patients was 29.0 months; the median survival period was 50.0 months. The 2-, 5-and 10-year CSS rates for all patients were 64.2%, 47.1% and 31.7%, respectively. Those for 76 patients (pN0/xM0) without metastasis at presentation were 80.9%, 64.5% and 44.9%, respectively. For all patients, lower body mass index (BMI), higher Fuhrman grade, presence of symptoms, perinephric fat invasion, invasion of inferior vena cava (IVC) wall, lymph node (LN) involvement and distant metastasis at presentation were independent predictors for decreased CSS on multivariate analysis, while thrombus level was not. For non-metastatic patients, lower BMI, presence of symptoms and tumor size were independently associated with decreased CSS. In terms of RFS, lower BMI, presence of perinephric fat invasion were prognostic factors for recurrence. Conclusions: Our data suggest that obesity is independently associated with better survival or lower risk of tumor recurrence in Korean patients undergoing radical nephrectomy with tumor thrombectomy. Also, our results indicate that Fuhrman grade, presence of symptoms, perinephric fat invasion and invasion of IVC wall, LN involvement and distant metastasis at presentation are independent predictors for survival.
INTRODUCTION
About 5-10% of renal cell carcinoma (RCC) extends as tumor thrombus into the venous system such as renal vein or inferior vena cava (1) . Despite advances in radiation, chemotherapy, and immunotherapy, surgical resection is still the standard treatment for RCC with tumor thrombus (2) . However, the range of 5-year survival rates for RCC patients with venous tumor thrombus treated with radical nephrectomy and tumor thrombectomy is only 35% -45% despite the developments in surgical techniques and perioperative care (3) (4) (5) . Furthermore, even the 5-year survival rate for patients without evidence of nodal or distant metastasis at presentation is just 45% -65% (4, (6) (7) (8) .
Although the prognostic significance of many factors has been tested, only a few are widely used in clinical practice (9) . Currently, pathologic stage (T stage), lymph node (LN) status (N stage), and histologic grade represent the main prognostic variables in patients with RCC (10) . Accordingly, the American Joint Committee on Cancer (AJCC) TNM classification is regularly revised and a new 2009 AJCC TNM stage classification system has been recently proposed (11) .
It has been demonstrated that RCC has different clinical characteristics according to ethnicity, the presenting symptoms, course of disease, and outcomes after standard treatment varied significantly between patients of Caucasian, Hispanic, African-American, and Asian backgrounds (12) . To date, there has been sparse data on surgical outcomes and prognostic factors of survival after radical nephrectomy and thrombectomy in Asian populations with RCC and venous tumor thrombus since most studies have been performed in Western countries. The aim of this study was to examine the surgical outcomes of radical nephrectomy with thrombectomy. We also evaluated the prognostic factors that influence survival of Korean patients with RCC and tumor thrombus extension into renal vein or inferior vena cava (IVC), with application of the newly revised 2009 AJCC TNM staging system.
MATERIALS AND METHODS

Study design
This study was approved by the Institutional Review Board of our institution. From February 1988 to April 2009, 1457 patients underwent nephrectomy for RCC at our institution. Among these, a total of 124 patients who underwent radical nephrectomy and thrombectomy for RCC and venous tumor thrombus were included in this retrospective study. The exclusion criteria included the presence of von Hippel-Lindau disease, tuberous sclerosis syndrome, and synchronous bilateral tumor. Pathologic slides from all specimens were re-reviewed by a single uropathologist (KCM) who had no knowledge of patient outcomes.
A retrospective review was performed to evaluate patient demographics, presence or absence of clinical symptoms at initial presentation, laboratory findings, American Society of Anesthesiologists (ASA) scores, TNM stage, tumor size, laterality, perioperative complications, and pathologic features. Pathologic staging was determined according to the newly revised 2009 AJCC TNM classification system (11 (13) . Preoperative evaluation included medical history, physical examination, routine laboratory work, chest x-ray, computed tomography (CT) of the abdomen and pelvis, and selective use of chest CT and bone scanning. Postoperative follow-up included blood tests, chest x-ray, and abdominal CT. Chest CT, brain MRI, and bone scan were performed as recommended.
Surgical technique
All patients underwent radical nephrectomy and thrombectomy through a flank, Chevron and thoracoabdominal approach. In one patient with right atrial thrombus, median sternotomy was performed to assess the right atrium. The venous tumor thrombus was removed according to its extent. Liver mobilization was performed in three patients with infrahepatic IVC thrombus, five with retrohepatic IVC thrombus and two with supradiaphragmatic IVC thrombus. A cardiopulmonary bypass was required for three of five patients with retrohepatic IVC thrombus and two with supradiaphragmatic IVC thrombus. An IVC filter was placed in three patients with IVC thrombus. In nine (7.3%) patients in whom invasion of the IVC wall was observed, the wall was partially resected with a negative margin and reconstructed with synthetic grafts as appropriate.
Data analysis
The statistical endpoints in our analysis were cancer-specific survival (CSS) and recurrence--free survival (RFS) of the patients. Patients with evidence of metastases at presentation were excluded from analysis of RFS. Survival analyses were performed according to the Kaplan-Meier method. Cox proportional hazard regression model was used to evaluate the prognostic factors for outcomes and their hazard ratio (HR). Variables with p-values less than 0.05 in the univariate analysis were included in the multivariate model and their HR with a 95% confidence interval (CI) was calculated. A 5% level of significance was used for all analyses and all statistical tests were two-sided. The Statistical Package for the Social Sciences (version 17.0) was used for analysis.
RESULTS
General characteristics
Baseline clinicopathological and tumor characteristics of the patients are summarized in Table-1. The median follow-up period for all patients was 29.0 months (range, 1 to 222), while that for survivors at the last follow-up was 49.0 months (range 1 to 222). At the time of analysis, 65 patients (52.4 %) died of RCC at a median follow-up period of 14.0 months (range 3 to 134), 2 patients (1.6%) died of non-cancer-related causes at 76 and 111 months postoperatively, respectively, 21 patients (16.9%) survived with the disease, and 36 patients (29.0%) were alive with no evidence of disease.
In two patients with left-sided RCC involving retrohepatic or infrahepatic IVC, a pulmonary embolism occurred intraoperatively. One of the patients died 1 day after operation, and overall perioperative mortality (death within one month after surgery) was 0.8%.
Survival, recurrence, and prognostic factors
The 2-, 5-and 10-year CSS rates for all patients were 64.2%, 47.1% and 31.7%, respectively. The median CSS time was 50.0 months for all patients. For 48 patients with metastasis (N1 or M1) at presentation, the 2-, and 5-year CSS rates were 35.9% and 16.9%, respectively, while the median CSS time was 16 months (Figure-1 ). For all patients as well as patients (pN0/xM0) without metastasis at presentation, the CSS rates in the patients with renal vein thrombus were higher than those in the patients with IVC thrombus (Figure-1 ). For 76 patients (N0/xM0) without metastasis at presentation, the 2-, 5-, and 10-year CSS rates were 80.9%, 64.5% and 44.9 %, respectively, and the median survival time was 107.0 months (Figure-1) . The 2-and 5-year RFS were 50.7% and 37.3%, respectively, and the median RFS time was 25 months. Tumors recurred in 49 (64.5%) of the patients without metastasis at presentation; 28 of these individuals developed isolated metastases and 21 had disease recurrences at multiple sites. Median time for recurrence was 12 months (range, 1 to 222). Lung was the most common site of first recurrence (39.5%) followed by liver (14.5%), bone (13.2%), and brain (6.8%). Of the 30 patients with lung metastases, 15 developed isolated lung metastases and 15 had metastases in multiple sites.
Multivariate Cox regression analysis showed that lower BMI, presence of symptoms at presentation, higher Fuhrman grade, LN involvement, distant metastasis at presentation, perinephric fat invasion and invasion of IVC wall were independent factors for predicting cancer-specific death in all patients (Table-2 ). Tumor thrombus level (IVC versus renal vein) was significantly associated with cancer-specific death in the univariate model (Figure-1), but not an independent predictor in the multivariate analysis (Table-2) .
For the 76 patients without metastasis at presentation, multivariate model showed that lower BMI, the presence of symptoms at presentation and tumor size correlated independently with reduced CSS rates (Table-3 ). In terms of RFS, lower BMI and the presence of perinephric fat invasion were the independent prognostic factors for relapse in the multivariate model (Table-3) .
DISCUSSION
To date, reports on survival rates and prognostic factors for CSS and RFS after radical nephrectomy and thrombectomy in Asian populations with RCC and venous tumor thrombus have been limited to a small number of series (14, 15) . Although performed in Western country, a recent study involving a large population based on the California Cancer Registry showed that Asian/Pacific Islanders have a higher survival rate than all other racial and ethnic groups (12) . In our study, the 2-, 5-, and 10-year CSS rates of RCC patients with tumor thrombus extension into the renal vein only and those with IVC extension were 68.5%, 55.3%, and 36.4%, and 54.2%, 29.4%, and 19.6%, respectively. Similar to our results, previous studies of Asian population have reported 5-year CSS rates between 30% ~ 40% in patients with RCC involving the IVC (14, 15) . In our study, the 2-, 5-and, 10-year CSS rates of all patients and those with non-metastatic RCC were 64.2%, 47.1% and 31.7%, and 80.9%, 64.5% and 44.9%, respectively. These rates appear to be a little higher than those of most reports from Western countries (3) (4) (5) 7, 8, 16) . However, our patient population included a higher proportion of individuals with tumor thrombus extension into renal vein only than other studies except for the one by Wagner et al., and may explain these seemingly higher survival rates (16) . One of the significant findings of our study was that obesity was independently associated with better survival or lower risk of tumor recurrence in Korean patients with RCC and venous tumor thrombus. There has been a controversy about a prognostic impact of BMI on survival of patients with RCC (17) (18) (19) . Recently, we demonstrated that overweight or obese Korean patients with RCC have more favorable pathological features and a better prognosis than those with normal BMI, which is in accordance with the result from a study by Awakura et al. evaluating Japanese patients with RCC (20, 21) . To our knowledge, our study is the first to demonstrate the prognostic impact of obesity on survival and tumor recurrence after radical nephrectomy with thrombectomy for treating RCC and venous tumor thrombus. In our study, there was no difference in clinical or histopathological features between obese patients and those with normal BMI (data not shown). However, the underlying mechanisms for the effect of BMI on RCC survival and prognosis remain to be elucidated. It has been suggested adipose tissue in obese patients secretes certain proteins and signaling factors including leptin and adiponectin, some of which could be involved in suppressing RCC progression (21, 22) . Also, lower BMI related to the presence of cachexia might be a possible explanation. Another significant finding of our study was that a higher Fuhrman grade was independently associated with worse prognosis in Korean patients with RCC and venous tumor thrombus. Fuhrman grade is currently the most widely used grading protocol in North America and Europe, and higher grades are correlated with tumor aggressiveness and increased metastatic potential (23, 24) . The prognostic significance of histological grade in patients with RCC and venous tumor thrombus is controversial (4, (6) (7) (8) 16, 25) . In our study, Fuhrrnan grade was found to be one of most important prognostic factors for survival and relapse in patients with RCC and venous tumor thrombus, supporting the role of histological grade as an important predictor of patient outcomes. This is in accordance with a previous report from Japan demonstrating that tumor grade has more potential prognostic significance compared to other factors (14) . Thus, tumor aggressiveness characterized by histological grade as well as the presence of local extension or distant metastasis of tumor may have important prognostic significance as in Asian populations with RCC and venous tumor thrombus (14) .
Advanced disease at presentation is another unfavorable prognostic factor in patients with RCC, as confirmed by most studies (4, 7, 8, 16) . In accordance with previous Western studies including a recent study by Martínez-Salamanca et al. that evaluated the newly revised 2009 TNM staging system, this study demonstrated that the presence of LN involvement and distant metastasis at presentation were independent predicting factors for survival in Korean patients with RCC and venous tumor thrombus (4, 7, 8, 16) .
The newly revised 2009 AJCC TNM staging system stratifies the pT3b group according to tumor thrombus extension (11) . However, our study failed to demonstrate any difference in survival between patients with tumor thrombus extension into the renal vein only and those with IVC extension. This result could have been due to the relatively small size of the group with IVC extension. Furthermore, the presence of invasion of IVC wall, not the level of tumor thrombus, was found to be a significant prognostic factor of survival in several studies (26) (27) (28) . Thus, invasion of IVC wall by tumor thrombus rather than thrombus level may predict a poor prognosis. In accordance with these facts, our study showed that the presence of invasion of IVC wall was an independent prognostic factor of survival in Korean patients with RCC and venous tumor thrombus.
The presence or absence of symptoms at presentation has been shown to have prognostic significance in patients with RCC (29, 30) . Thus, the presence of clinical symptoms at presentation may be related to more aggressive tumors and associated with worse clinical outcomes. However, there are limited data on the influence of the presence of symptoms at presentation on survival of patients with RCC and venous tumor thrombus. Our study suggested that the presence of clinical symptoms at presentation was an independent predicting factor of cancer-specific death in both all and non-metastatic RCC patients. Contrary to our result, multivariate analysis in two studies from Western countries failed to demonstrate prognostic significance of the presence of symptoms at presentation in RCC patients with venous tumor thrombus (4, 16) .
Interestingly, intraoperative pulmonary embolisms only developed in two patients with left-sided RCC involving IVC who did not undergo preoperative placement of an IVC filter. This may be due to the presence of a longer venous tumor thrombus caused by a longer left renal vein in left-sided RCC patients compared to that in right--sided RCC cases, resulting in a higher probability of fractured thrombus producing pulmonary embolisms. Thus, preoperative placement of an IVC filter might be needed in patients with left-sided RCC involving IVC.
Some potential shortcomings of our study warrant consideration. Our study is limited by both its retrospective nature and the fact that it was conducted at a single institution. Nevertheless, our study involved the largest group of Asian patients with RCC and venous tumor thrombus extension.
CONCLUSIONS
Our study indicates that CSS rate after radical nephrectomy with tumor thrombectomy for Korean patients with RCC and venous tumor thrombus is not lower than that reported in Western populations. Our data suggest that obesity is independently associated with better survival or lower risk of tumor recurrence in Korean patients undergoing radical nephrectomy with tumor thrombectomy to treat RCC with venous tumor thrombus. In addition, Fuhrman grade, the presence or absence of symptoms at presentation, LN involvement, distant metastasis at presentation, perinephric fat invasion and invasion of IVC wall were found to be independent prognostic factors for survival after surgery, while tumor thrombus level (renal vein versus IVC) was not. However, additional studies with larger cohorts including prospective, multicenter, comparative studies among patients of different ethnicities are necessary to fully validate the newly revised 2009 TNM staging in Asian population such as Korean patients with RCC and venous tumor thrombus.
